ABSTRACT
INTRODUCTION
The Bylot Supergroup in Arctic Canada ( Fig. 1) serves as an extraordinary archive of latest Mesoproterozoic biology and geochemistry. Diverse microfossil assemblages are preserved throughout the succession, including early-silicified peritidal microbial carbonate facies that host the early red alga Bangiomorpha pubes cens Jackson, 1991, 1994; Knoll et al., 2013) . Sedimentological and geochemical studies of this facies have yielded key insight into the early diagenetic history of Proterozoic tidal environments (Kah, 2000; Kah et al., 2001; Manning-Berg and Kah, 2017) and support a shift in the style of carbonate deposition through the Proterozoic Eon (Kah and Knoll, 1996; Narbonne and James, 1996; Sherman et al., 2000; Kah and Riding, 2007) . Chemostratigraphic data from the Bylot Supergroup have been incorporated into reconstructions of the secular δ 13 C and δ 34 S evolution of seawater (Kah et al., 1999; Kah et al., 2001 ) despite evidence that the Borden Basin was restricted or nonmarine during deposition of the exceptionally organic-rich (up to ~20 wt% total organic carbon [TOC] ) Arctic Bay and lower Victor Bay Formations (Hahn et al., 2015; Gibson et al., 2018) . This sedimentary record is now constrained by Re-Os geochronology (Gibson et al., 2018) to have coincided with the Grenville orogeny (ca. 1090-1020 Ma; Hynes and Rivers, 2010) during the assembly of Rodinia (ca. 1100-1050 Ma; Evans, 2009) .
Here, we present Sr, Os, and Nd isotope chemo stratigraphic data from the Bylot Supergroup that demonstrate episodic, tectonically driven changes to the degree of marine influence in the Borden Basin. Identification of stratigraphic intervals that are nonmarine provides a useful framework for future studies aimed at reconstructing the paleoenvironments inhabited by certain micro fossil assemblages. Furthermore, global, age-calibrated radiogenic isotope data sets are sparse from this time period, and Sr isotopes from stratigraphic intervals of the Bylot Supergroup that reflect marine deposition provide a record of global chemical weathering during the amalgamation of Rodinia and the Grenville orogeny.
BACKGROUND

Geological Setting
The Bylot Supergroup consists of up to 6 km of flat-lying to shallow-dipping carbonate and siliciclastic strata with minor volcanic and gibson-B35060.1 2nd pages / 2 of 14 evaporite lithologies exposed within a series of northwest-trending grabens in northern Baffin and Bylot Islands, Nunavut, Canada. This succession occupies the Borden Basin, which is one of a series of late Mesoproterozoic basins within Archean to Paleoproterozoic Rae Province crust in the Canadian Arctic Archipelago and western Greenland known as the Bylot basins (Fig. 1) .
Putative correlations between Bylot basins indicate that they formed either as contemporaneous but distinct epicratonic basins or that they are remnants of a larger, previously interconnected seaway (Jackson and Iannelli, 1981) ; however, their relation to one another is speculative due to the dearth of depositional age constraints from all but the Borden Basin. Although multiple models have been proposed, the tectonic setting responsible for the formation and evolution of the Bylot basins remains enigmatic. The Borden and other Bylot basins were initially interpreted as aulacogens formed during emplacement of the ca. 1267 Ma Mackenzie large igneous province (Jackson and Iannelli, 1981; Dostal et al., 1989; LeCheminant and Heaman, 1989) . However, the absence of fault-controlled sedimentation patterns in the lower Bylot Supergroup (Nauyat and Adams Sound Formations; Long and Turner, 2012) led Turner et al. (2016) to propose that the Borden Basin formed as an intracratonic sag basin from far-field defor ma tion. Pulses of normal faulting, largely accommodated along graben-bounding faults, accompanied by gentle subsidence during deposition of the middle Bylot Supergroup (Arctic Bay through Victor Bay Formations) were punctuated by uplift that inverted the bathymetry of the Borden Basin (Sherman et al., 2002) . This compressional event marks an abrupt lithostratigraphic change from the carbonate-dominated Uluksan Group to the siliciclastic-dominated Eqalulik Group (Fig. 1) , interpreted as the transition from rift to foreland basin due to collision along Laurentia's northern margin (Geldsetzer, 1973; Hoffman, 1989; Sherman et al., 2002) or from far-field lithospheric deformation related to the Grenville orogeny (Turner et al., 2016) . In any case, the geodynamic evolution of the Borden and other Bylot basis was complex and remains enigmatic.
The Bylot Supergroup was long considered to be ca. 1200 Ma in age because paleomagnetic poles from Nauyat Formation basalt, at the base of the Bylot Supergroup, overlap with those of the Mackenzie large igneous province (Fahrig et al., 1981) . Furthermore, no evidence for a prolonged depositional hiatus was observed throughout the succession (Jackson and Iannelli, 1981) . Baddeleyite from Savage Point diabase sills that intrude the basal Aston Group in the Hunting and Aston Basin (Fig. 1) have been dated to 1268 Ma (Dixon et al., 1971) , and correlation to the Nauyat Formation supports this time frame. Franklin dikes that crosscut the entire Bylot Supergroup constrain the entire succession to older than 723 Ma (Heaman et al., 1992; Pehrsson and Buchan, 1999) . Shale Re-Os geochronology yielded ages of 1048 ± 12 Ma for the middle Arctic Bay Formation and 1046 ± 16 Ma for the lowermost Victor Bay Formation (Gibson et al., 2018) These depositional ages require that either the inferred age of 1267 Ma for the Nauyat Formation basalt is incorrect or that ~200 m.y. elapsed between deposition of the Nauyat and Arctic Bay Formations. This would suggest that an unrecognized depositional hiatus exists somewhere in the lower Bylot Supergroup. Considering the close association and gradational contact between shallow-marine Nauyat and Adams Sound Formation sandstone facies (Long and Turner, 2012) , the most likely position for such a hiatus is in the vicinity of the sharp contact between Adams Sound Formation sandstone and Arctic Bay Formation shale. However, due to the contrasting resistance to weathering between these lithologies, this contact is poorly exposed, and no unconformity has been verified. Samples from this study are from the Arctic Bay Formation and overlying formations and are unaffected by this age uncertainty.
Radiogenic Isotope Proxies
The 87 Sr and 187 Os radiogenic isotope systems in hydrogenous sedimentary components function as paleoweathering proxies by tracking the relative aqueous fluxes from "continental" versus "oceanic" sources to the water mass from which the sediment formed. The parent elements in both systems (Rb and Re) are incompatible relative to their daughter products, so they accumulate in partial melts and in minerals that form late during fractional crystallization. Therefore, crust formed by partial melting or from the residue of fractional crystallization contains elevated Rb/Sr and Re/Os values relative to bulk crust (Taylor and McLennan, 1995 Os ratios than oceanic crust. The modern residence times for Sr (~4 m.y.; Lécuyer, 2016) and Os (~10-50 k.y.; reviewed in Peucker-Ehrenbrink and Ravizza, 2000) are long relative to the ~1-2 k.y. mixing time for the global ocean (Banner, 2004) . Therefore, Sr and Os are well mixed in the ocean (Veizer, 1989; Ravizza and Turekian, 1992) , and the Sr and Os isotope composition of marine sediment tracks the globally averaged contributions from weathering of relatively radiogenic continental crust versus juvenile contributions from hydrothermal fluids and alteration of oceanic crust. The globally averaged Sr and Os isotope composition of continental runoff has likely been more radiogenic than coeval seawater throughout Earth history. Furthermore, these isotope systems do not undergo fractionation during evapo-concentration. Together, these properties enable these proxies to be used to differentiate marine from nonmarine environments in ancient sedimentary basins (e.g., Cumming et al., 2013; Rooney et al., 2017; Stüeken et al., 2017; Xu et al., 2017) .
In Nd values, relative to more mafic (i.e., oceanic) lithologies. Unlike Sr and Os isotopes, which were measured in hydrogenous sedimentary phases for this study, Nd isotope ratios were analyzed from bulk mudrock samples, the compositions of which were dominated by detrital minerals with minor influence from hydrogenous components. Therefore, the bulk-rock 143 Nd/ 144 Nd chemostratigraphy of the mudstone samples is interpreted to provide a record of sediment provenance within the catchment basin.
In this study, the implementation of radiogenic isotope systems (Sr and Os) measured in hydrogenous sedimentary components of different lithologies (limestone and shale, respectively) increased our ability to resolve secular changes in the chemical composition of basin waters due to the relative contribution of endmember fluxes (e.g., mid-ocean-ridge hydrothermal input vs. continental runoff). Combining these with a radiogenic isotope sediment provenance proxy (whole-rock Nd) allowed us to compare the chemistry of the dissolved load of basin waters to the local weathering regime to disentangle regional from global effects. However, it is important to note that weathering of certain lithologies can affect these isotope systems disproportionately. Although the concentrations and propensity for weathering vary between parent-daughter isotope pairs in specific rock types and minerals, broad trends persist that are pertinent to this study. Nd values than mafic crust. As a result, the combination of hydrogenous and detrital radiogenic isotope chemostratigraphy represents a novel approach with which to identify transitions in the hydrologic history of ancient sedimentary basins and to discern whether these changes relate to local tectonics.
MATERIALS AND METHODS
Samples included in this study were collected over the course of four field seasons while logging and measuring 26 stratigraphic sections at decimeter-to meter-scale resolution from 12 locations in the Milne Inlet graben and Eclipse Trough of the Borden Basin ( Fig. 1 ; for location information and stratigraphic sections, see Data Repository 1 ). Strontium isotopes were measured in limestones, Os isotopes were measured in organic-rich shales, and Nd isotopes were measured in mudstones.
Limestone Sample Preparation and Elemental Concentrations
Approximately 15 mg aliquots of powder were drilled from freshly cut limestone hand samples to avoid fractures, veins, and weathered surfaces. Sample powders were agitated with methanol to remove the insoluble clay fraction and then rinsed with Milli-Q (MQ) H 2 O three times. Samples were then leached twice in 0.2 M ammonium acetate to remove loosely bound 87 Sr that is likely to reside in detrital phases, with MQ H 2 O rinses between each leach. The residual sample was then allowed to react in 0.5 M acetic acid at room temperature for 2 h to dissolve the calcite fraction, which was centrifuged to separate it from the residual insoluble fraction. This step was repeated as necessary to dissolve all calcite within the sample. Samples dissolved in acetic acid were then dried and taken up in 3 N HNO 3 . Half of this solution was analyzed via inductively coupled plasma-optical emission spectrometry (ICP-OES) on a Thermo Scientific iCAP 6000
TM series instrument at McGill University for major-and minor-element compositions (see Data Repository [footnote 1]). Final concentrations in the carbonate fraction for each sample were corrected based on the mass of the insoluble residue after dissolution.
These data were used to screen for alteration and possible radiogenic ingrowth on the basis of Sr, Rb, and Fe concentrations and Mg/Ca, Mn/Sr, and Rb/Sr ratios. Because diagenetic alteration of carbonates typically increases 87 
Sr/
86 Sr values (Banner and Hanson, 1990 ) and the degree of overprinting is modulated by Sr concentrations, 87 Sr/ 86 Sr values plotted against these parameters provide a qualitative basis for identifying diagenetically overprinted samples (Edwards et al., 2015) . These geochemical relationships are plotted in Figure 2, Black shale samples were trimmed with a diamond-tipped lapidary saw blade to remove any weathered surfaces and polished with a diamond-impregnated pad to remove metal contamination. Samples were then dried at room temperature. Between 30 and 50 g aliquots of each sample were crushed to a fine powder (~30 µm) using a SPEX #8506 zirconia ceramic puck and grinding container in a SPEX 8500 shatterbox to homogenize each sample (Kendall et al., 2009a) . Analyses were performed at the University of Alberta's Re-Os Crustal Geochronology Laboratory in the Department of Earth and Atmo spheric Sciences.
Both Re and Os were isolated and purified following the protocol outlined by Creaser et al. (2002) , Selby and Creaser (2003) , Kendall et al. (2004) , and Cumming et al. (2013) . Hydrogenous Re and Os were preferentially liberated by Cr Tables DR1-DR2 and Figures DR1-DR9 , is available at http:// www .geosociety .org /datarepository /2019 or by request to editing@ geosociety .org. strument using negative thermal ionization mass spectrometry (NTIMS; Creaser et al., 1991) by ion-counting with a secondary electron multiplier in peak-hopping mode at the University of Alberta. The initial 187 Os/ 188 Os (Os i ) was calculated using the isochron age of 1048 Ma for the Arctic Bay Formation (Table 2 ; Gibson et al., 2018) and the 187 Re decay constant of Smoliar et al. (1996) .
Initial
143 Nd/ 144 Nd (ε Ndi )
Mudstone samples were trimmed with a lapidary saw blade to remove any weathered surfaces and then homogenized with an SPEX 8500 shatterbox using a tungsten carbide grinding container. Resulting sample powders were then heated to ~1000 °C to liberate volatiles and combust organic matter. Between 0.2 g and 0.4 g aliquots of powder from each sample were spiked with enriched 150 Sm tracer and then dissolved in a concentrated mixture of HF (4.5 mL; ~29 N) and HNO 3 (1 mL; ~15 N ). Sample solutions were evaporated and redissolved twicefirst in aqua regia (3:1, 6 N HCl:7 N HNO 3 ) and again in 6 N HCl in samples where organic matter persisted. Purified Sm and Nd extracts were isolated in columns using a three-stage chromatography process. Iron was first removed with 200-400 mesh AG1X8 ion exchange resin. Then, rare earth elements were concentrated with EICHROM TRU TM Resin SPS 50-100. Last, Sm and Nd were purified with 600 mg of EICHROM LN™ Resin 100-150. Nd values from this study were measured at the Geotop laboratories at Université de Québec à Montréal using both a Thermo Scientific TRITON TIMS following the protocol from Cox et al. (2016) and a Nu Plasma II TM multicollector-inductively coupled plasma-mass spectrometer (MC-ICP-MS) following the protocol from Macdonald et al. (2017) . For TIMS analyses, Nd extracts were loaded onto outgassed Re filaments and set in a double array, and isotope ratios were measured in dynamic mode. The total combined blank for Sm and Nd was less than 150 pg. Resulting 146 Nd/ 144 Nd values were normalized to 0.7219 to correct for internal mass fractionation. For MC-ICP-MS analyses, Nd extracts were dissolved into ~2% HNO 3 to produce solutions with ~20-40 ppb Nd, and samples were run between 2 and 20 V for 142 Nd with a sensitivity of ~500 V per ppm Nd.
Long-term averages for Nd isotope reference JNdi-1 yielded Nd isotope values of 0.512098 ± 0.000020 (2σ) for MC-ICP-MS analyses and 0.512100 ± 0.000014 (2σ) for TIMS analyses, which are within error of the value obtained by Tanaka et al. (2000) of 0.512115 ± 0.000007. Nd values have an error of <0.5%. These correspond to an error of <0.5 ε Nd units on individual samples, with the error for most samples being <0.2 ε Nd units.
RESULTS
All sample isotope compositions (89 Sr, 13 Os, and 50 Nd values) are plotted stratigraphically in Figure 3 (Gibson et al., 2018) .
Nauyat Formation basalt yielded an ε Ndi of -5.60, calculated from an age of 1267 Ma ( Fahrig et al., 1981; LeCheminant and Heaman, 1989) . Sedimentary ε Ndi values from the lower Bylot Supergroup (Arctic Bay through Angmaat Formations) are evolved, between -18 and -11. Samples from the lower Victor Bay Formation displayed a shift to more juvenile ε Ndi values, with a steady increase from -13.5 and to -2. While upper Bylot ε Ndi data are sparse, available data define a trend from juvenile (0.38) to intermediate-evolved compositions (-13.5 to -10) through the Nunatsiaq Group. Together, these proxies appear to be coupled (i.e., both hydrogenous and detrital proxies are highly evolved) through the Arctic Bay Formation before decoupling in the uppermost Arctic Bay to Iqqittuq Formations. They remain decoupled into the Angmaat Formation before again converging in the lowermost Victor Bay Formation. A trend to less radiogenic ε Ndi values through the lower Victor Bay Formation is then followed by a long interval of low 87 Sr/ 86 Sr values.
DISCUSSION Nonmarine Environments
Whereas the Bylot Supergroup has been studied as an archive of late Mesoproterozoic marine depositional environments (Narbonne and James, 1996; Kah et al., 1999 Kah et al., , 2001 Sherman et al., 2000 Sherman et al., , 2001 , the Borden Basin is also proposed to have been hydrologically restricted from the open ocean (Turner and Kamber, 2012; Gibson et al., 2018) or lacustrine (Hahn et al., 2015) during deposition of Arctic Bay black shale and contemporaneous seep-related car- Figure 4 . † Data from Kah et al. (2001) .
bonate mounds of the Ikpiarjuk Formation. Additionally, evaporite deposition indicates water mass restriction within shallow-water environments of the Iqqittuq and Angmaat Formations (Kah and Knoll, 1996 Os compositions through the majority of the Arctic Bay Formation are highly evolved (0.97-1.5), until the uppermost sample, which displays a trend to more intermediate Os i (0.71; Fig. 3 ). The initial Os isotope composition of the lowermost Victor Bay Formation is again highly evolved (Os i = 1.25; Gibson et al., 2018) . The consistency in Os i values from this study and the coherent Re-Os isochron generated from the same Arctic Bay Formation stratigraphic section in Shale Valley (Fig. 1) indicate that the Re-Os system remained undisturbed in the sampled areas of the basin. These values are more radiogenic than any previously reported marine deposits from this time period (Os i <0.8; Creaser and Stasiuk, 2007; Azmy et al., 2008; Kendall et al., 2009a; Rooney et al., 2010 Rooney et al., , 2014 Rooney et al., , 2017 Geboy et al., 2013; van Acken et al., 2013; Sperling et al., 2014; Strauss et al., 2014; Cohen et al., 2017) ; however, they are similar to compositions from restricted marine to lacustrine deposits of this age (Os i >0.8; Cumming et al., 2013; Tripathy and Singh, 2015; Rooney et al., 2017) .
Based on Os i calculated from isochron ages from the Atar Group in the Taoudeni Basin of Mauritania and Vazante Group in the São Francisco Basin of Brazil, the marine 187 Os/ 188 Os compositions ranged from 0.3 to 0.7 between ca. 1100 and 1000 Ma (Azmy et al., 2008; Rooney et al., 2010; Geboy et al., 2013) . These values offer the most direct comparison between the Os isotope composition of the Borden Basin and coeval seawater. Basin waters within restricted epeiric seaways of any age likely contain more radiogenic Os than contemporaneous marine waters due to a combination of increased influence from continental runoff and decreased influence from seafloor weathering and hydrothermal input (Poirier and Hillaire-Marcel, 2011; Cumming et al., 2012; Xu et al., 2017) . All Os i data from the Bylot Supergroup (with the exception of the uppermost Arctic Bay Formation sample) are higher than any documented late Mesoproterozoic to early Neoproterozoic marine Os isotope composition. This evidence strongly suggests that the Os flux to the basin was dominated by evolved, continental sources with little to no influence from oceanic basins. Therefore, it is most likely that the basin was isolated from the Gibson et al. (2018) .
*The age of 1267 Ma for Nauyat Formation basalts is based on paleomagnetic correlation to the Mackenzie large igneous province (Fahrig et al., 1981; LeCheminant and Heaman, 1989) .
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open ocean when the Arctic Bay and lowermost Victor Bay Formations were deposited.
These Os i data are also consistent with low ε Ndi values (-16 to -11) in the Arctic Bay and Iqqittuq Formations (Fig. 3) , which indicate a highly evolved local weathering regime in the vicinity of the Borden Basin. Runoff from the surrounding Archean to Paleoproterozoic granite orthogneiss and metasedimentary units of the Rae Province (Crocker et al., 1993) likely dominated the detrital and dissolved input to the basin, and so the hydrogenous Os isotopes in the basin were controlled by local runoff with no discernible marine influence. Compared to the primitive Os i (~0.3) from the ca. 1100 Ma epicratonic Taoudeni Basin (Rooney et al., 2010; Kah et al., 2012; Kah, 2013a, 2013b) , which was also surrounded by Archean to Paleoproterozoic felsic basement, the highly radiogenic Os i compositions (~1-1.5) from this study indicate that Borden Basin was lacustrine during deposition of the Arctic Bay and lowermost Victor Bay Formations.
Since only organic-rich sediment concentrates sufficient Os and only limestone faithfully records the Sr composition of seawater, Sr and Os isotopes cannot typically be measured in the same lithology. Therefore, there is little overlap in the Sr and Os records from this study, which poses a potential problem for reconciling these data sets. Because the residence times for Sr and Os in the ocean differ, so do the time scales over which each isotope system is sensitive to change. The residence time of Sr in the ocean is ~3-5 m.y. The residence of Os is less constrained, but it is on the order of 10-50 k.y. (Peucker-Ehrenbrink and Ravizza, 2000 Sr/ 86 Sr. The size of the marine Os reservoir reflects a balance between sources of Os, namely, oxidative weathering, and sinks, namely, the spatial extent of organic-rich sediment deposition (i.e., bottom water anoxia; Ravizza and Turekian, 1992; Peucker-Ehrenbrink and Ravizza, 2000) . Therefore, the reservoir size of Os was probably smaller and its residence time shorter in Proterozoic oceans than today. These factors could potentially result in 187 Os/
188
Os heterogeneity in the Proterozoic ocean, as was suggested by Kendall et al. (2009a Kendall et al. ( , 2009b .
If the marine Os isotope composition was not homogeneous throughout the ocean, the 187 (Fig. 3) . Through the same interval, ε Ndi remains highly evolved, between -17 and -13. This transition, in which water mass proxies decouple from the detrital input to the basin (evolved ε Ndi ), coincides with a significant sedimentological transition in the Bylot Supergroup. The Iqqittuq Formation marks the development of a mixed carbonate-siliciclastic ramp and contains facies assemblages that are transitional between the Arctic Bay and Angmaat Formations (Turner, 2009 (Fig. 3) . Nanisivik Formation limestone rhythmites display very low 87 Sr/ 86 Sr compositions (0.70528-0.70537), which almost certainly track coeval seawater. Thus, the Iqqittuq Formation records a gradual increase in marine influence, and the Borden Basin was in full communication with the open ocean during Angmaat-Nanisivik time (Fig. 4D) . Intervals of relative sea-level fall, as indicated by shallowing-upward cycles in the ooid grainstone barrier sections in the southeastern Milne Inlet graben ( Fig. 1 ; Turner, 2009; Gibson et al., 2017) , restricted circulation to lagoonal environments in the Angmaat and Iqqit tuq Formations, triggering evaporite deposition even as the deep-water slope environments (Nani sivik Formation) remained connected to the open ocean (Fig. 3D) .
Strontium isotope compositions of Iqqittuq Formation and Angmaat Formation evaporite facies from Kah et al. (2001) ranged from 0.70540 to 0.70858 (Fig. 3) . Samples with gibson-B35060.1 2nd pages / 10 of 14 ate samples from this study (<0.706) constrain contemporaneous seawater and indicate that Iqqittuq Formation and Angmaat Formation evaporites were strongly influenced by nonmarine sources. As a result, their chemical composition may not be suitable for reconstructing ancient seawater chemistry.
Together, the interpretations herein regarding the hydrographic history of the Borden Basin suggest that the degree of marine influence controlled water chemistry (e.g., redox and carbonate saturation) and sedimentation patterns. Hence, we infer that organic-rich (up to 20% TOC) Arctic Bay Formation black shales were deposited when the Borden Basin was cut off from the global ocean and was fed by runoff from the surrounding, highly evolved Archean to Paleoproterozoic basement of the Rae Province. Reduced circulation within the basin at this time may have resulted in bottom water anoxia. Conversely, thick carbonate deposits of the middle Bylot Supergroup were deposited while the majority of the Borden Basin was connected to the open ocean.
Short-Lived Basin Isolation
After deposition of the Angmaat and Nanisivik Formations, the Milne Inlet graben was uplifted and tilted to the northeast (present coordinates; Turner, 2011). As a result, the contact between the Angmaat/Nanisivik and Victor Bay Formations varies from paraconformable in the southeastern Milne Inlet graben to erosional in the center of the graben and angular and erosional in the northwest ( Fig. 1 ; Turner, 2009 Turner, , 2011 . The lower Victor Bay shale member blankets this unconformity throughout the Milne Inlet graben but is apparently absent in Eclipse Trough, where the Victor Bay Formation appears to overlie the Angmaat Formation conformably. The lower Victor Bay Formation shale has been interpreted to record a rapid transgression from tectonic subsidence in the Milne Inlet graben (Jackson and Iannelli, 1981; Sherman et al., 2001 ). However, the radiogenic Os i value calculated from the Re-Os isochron in the lowermost Victor Bay shale (1.25; Gibson et al., 2018) suggests an Os flux dominated by evolved sources at this time. The most parsimonious interpretation of both this data point, which was calculated from six discrete samples (with Os i values between 1.22 and 1.31), and the sedimentological evidence for transgression is that differential uplift in the region generated both renewed basin isolation and subsidence during earliest Victor Bay Formation deposition.
Any interpretation for the depositional history of the lower Victor Bay Formation shale must reconcile the seemingly contradictory phenomena of simultaneous basin foundering and hydrologic restriction. Northeast-side-down half-graben rotation of the Milne block (Fig. 1) may have down-dropped a portion of the basin in the vicinity of the White Bay fault zone while a seaward block was uplifted above level. This block would have formed a barrier from the open ocean that isolated the Milne Inlet graben. In fact, Nanisivik Formation carbonate slope facies in the northwestern Milne Inlet graben, near the hamlet of Arctic Bay (Fig. 1) , were uplifted prior to deposition of the lower Victor Bay Formation (Turner, 2011) , and this uplift could have been responsible for isolation of the basin.
Tectonic Adjustment Leading to Stable Marine Configuration
A Nauyat Formation basalt sample yielded an ε Ndi value of -5.60, calculated at its putative age of 1267 Ma (Fahrig et al., 1981; LeCheminant and Heaman, 1989) . This is within the range of previously published whole-rock compositions of the ca. 1267 Ma Muskox layered intrusion (ε Ndi = -6.6 to -0.4; Day et al., 2008) , which is an early expression of the Mackenzie large igneous province (LeCheminant and Heaman, 1989) . However, the ε Ndi composition of Nauyat Formation basalt is more negative than the estimated -3 to +1 ε Ndi composition of the parental magma for the Makenzie large igneous province (Stewart and DePaolo, 1996; Day et al., 2008) . In the lower to middle Bylot Supergroup, ε Ndi values are consistently <-11 in the Arctic Bay, Iqqittuq, and Angmaat Formations ( Fig. 3 ; Table 2 ) and are inconsistent with a local weathering regime dominated by Nauyat Formation basalt during deposition of the Ikpiarjuk and Arctic Bay Formation as suggested by Hahn et al. (2015) .
Neodymium data also reveal tectonically driven modifications to the Borden Basin through changes in sediment provenance at this time in the basin's history. While the 87 Sr/ 86 Sr and Os isotope composition in the basin fluctuated through deposition of the Arctic Bay, Iqqittuq, and Angmaat Formations, ε Ndi values remained highly evolved (-18 and -11) . However, a sharp rise in ε Ndi from -13.5 to -2.0 through the lower Victor Bay Formation indicates a significant change in provenance to more juvenile sources. Tectonic activity at this time is further indicated by a secular shift in depositional environment from carbonate platform and back-barrier lagoonal facies of the Angmaat Formation to carbonate slope facies in the lower Victor Bay Formation. In the absence of other known lithologies with juvenile ε Ndi signatures, we infer that block faulting at this time uplifted the Nauyat Formation (or other cogenetic mafic rocks) and that erosion of these basalts was, at least locally, a major source of detritus to the basin. The subsequent return toward more evolved ε Ndi (-13.5 to -10) compositions in the Nunatsiaq Group (Fig. 3) most likely records the removal of this mafic source, possibly combined with uplift of older, felsic basement.
A 300-m-thick package of thin, rhythmically bedded limestone overlies the lower Victor Bay Formation shale member. This facies was deposited on a storm-dominated, muddy carbonate ramp (Sherman et al., 2000 (Sherman et al., , 2001 ) with a well-developed reef tract composed of large stro mato lite buildups (Narbonne and James, 1996) . The 87 Sr/ 86 Sr compositions of Victor Bay Formation outer ramp rhythmite facies are consistently unradiogenic, between 0.70511 and 0.70558 (Fig. 3) . This transition from organicrich black shale of the lowermost Victor Bay Formation with highly radiogenic Os i to the development of a carbonate ramp with stromatolitic bioherms and unradiogenic The timing of this lithological and geochemical transition coincides with the shift in sediment provenance recorded by increasing ε Ndi (Fig. 3) . Thus, further tectonic reconfiguration of the Borden Basin likely opened the basin to the ocean and triggered the onset of stable marine conditions throughout deposition of the Victor Bay Formation carbonate ramp. Except for localized Victor Bay sabkha facies in the most proximal areas of the basin, there is no evidence that the Borden Basin was restricted at any point during deposition of the Victor Bay or Athole Point Formations. Although 87 Sr/ 86 Sr compositions of Athole Point Formation limestone are somewhat more radiogenic (0.70542-0.70597), these are still consistent with other records of latest Mesoproterozoic seawater chemistry (Bartley et al., 2001) .
Regional Tectonics
After deposition of the Victor Bay Formation, the eastern Milne Inlet graben subsided, creating accommodation space for Athole Point carbonates, which conformably overlie the Victor Bay Formation (Jackson and Iannelli, 1981) . At the same time, uplift along the central axis of the basin near the inlet to Strathcona Sound produced an erosional unconformity between the Victor Bay and Strathcona Sound Formations in the western Milne Inlet graben and throughout Eclipse Trough ( Fig. 1; Sherman et al., 2002) . Sherman et al. (2002) interpreted this reversal in the polarity of the Borden Basin to have resulted from a novel tectonic regime that is inconsistent with continued extension. They attributed differential subsidence and uplift to forebulge migration and distal foreland subsidence related to east-directed compression.
However, the angular and erosional unconformity beneath the sub-Victor Bay unconformity in the northwestern Borden Basin near the hamlet of Arctic Bay indicates pronounced uplift of the Nanisivik Formation in what was the deepest portion of the basin at the time (Turner, 2011) , similar to the subsequent uplift of the Victor Bay Formation at Strathcona River (Fig. 1) . Furthermore, the Angmaat-Nanisivik carbonate platform and distal slope consistently deepened to the present west-northwest-a bathymetric trend that had persisted since deposition of the Arctic Bay Formation (Turner, 2009) . Then, the well-developed Victor Bay Formation reef tract and facies distribution in the Milne Inlet graben clearly define a south-southwest deepening (in present coordinates) carbonate ramp (Sherman et al., 2000) .
Together, these previously documented observations imply that differential uplift between Uluksan and Nunatsiaq Group deposition need not represent a novel stage in the basin's tectonic evolution, but rather can be explained by extensional reactivation of older, basin-controlling faults. In fact, northeast-side-down half-graben rotation of the Milne block (Fig. 1) could have also produced the concurrent uplift in the vicinity of Strathcona Sound and subsidence along the White Bay fault zone (i.e., Mala River, Pingo Valley, and White Bay as observed by Sherman et al., 2002) during both early Victor Bay and early Nunatsiaq Group times. Hence, Victor Bay deformation may simply reflect renewed half-graben rotation of the Milne block, consistent with the rotational kinematics that isolated the basin during early Victor Bay Formation deposition. In sum, although we cannot rule out whether contractional forces affected the Borden Basin, they are not are not required to explain the stratigraphic architecture of the Bylot Supergroup.
Global Implications
Episodically Restricted Epeiric Seaways and Eukaryotic Evolution
Several phylogenetic studies indicate that early photosynthetic eukaryotes (i.e., relatives of plants and algae) inhabited low-salinity waters and may have evolved in nonmarine, freshwater environments (Blank, 2013; PonceToledo et al., 2017; Sánchez-Baracaldo et al., 2017) . These investigations provide a testable hypothesis that requires the ability to recognize such environments in ancient sedimentary basins. The reconstruction of the degree of marine influence on depositional environments within the Borden Basin here provides valuable insight into the environment in which the early red alga Bangiomorpha pubescens likely evolved.
Bangiomorpha pubescens is a multicellular eukaryote preserved in very early diagenetic chert within microbial facies of the Angmaat Formation in the Borden Basin (Knoll et al., 2013; Manning-Berg and Kah, 2017) and the putatively correlative Hunting Formation in the Hunting and Aston Basin on Somerset Island ( Fig. 1 ; Butterfield et al., 1990) . Due to its morphological similarity to modern bangiophyte red algae, it is generally regarded as the oldest unambiguously photosynthetic and crown group eukaryote (Butterfield, 2000) . Although it is well established that Bangiomorpha pubes cens occurred in locally restricted, evaporative environments, the present study demonstrates that it may have evolved within a larger basin that fluctuated between marine and nonmarine, and by extension varied from saline to freshwater conditions. Furthermore, the depositional environments of the Angmaat Formation that preserve Bangiomorpha pubescens were likely hypersaline. Strother et al. (2011) interpreted acritarchs from the ca. 1200 Ma Stoer Group in Scotland as early freshwater eukaryotes based on sedimentary structures in the basin (Stewart, 2002) , high sedimentary Mo concentrations (Parnell et al., 2015) , and low B concentrations in illite (Stewart and Parker, 1979) . On the other hand, Stüeken et al. (2017) presented Mo isotopes from the Stoer Group that are consistent with the composition of coeval marine shales and interpreted Sr isotopes to reflect mixing of continental runoff and seawater. They therefore posited that the Stoer Group was deposited in a marginal marine environment and attributed earlier observations to evapo-concentration in a partially restricted, marginal marine environment-much like that of the Angmaat Formation. Episodically restricted epeiric seaways similar to the Borden Basin were widespread across Rodinia (Kah et al., 2012; Gilleaudeau and Kah, 2013b; Gilleaudeau and Kah, 2015) . Thus, a preponderance of spatio-temporally geochemically heterogeneous late Mesoproterozoic environments may have exerted unique selective pressure that drove eukaryotic evolution and diversification.
Together, these data sets and interpretations for variation in the degree of marine influence (Fig. 4) .
Strontium isotope values rise from 0.70511 to 0.70597 through the Victor Bay Formation and into the Athole Point Formation, where they become more variable. These compositions are similar, though somewhat more primitive than filtered data (see Cox et al., 2016) Bartley et al., 2001; Semikhatov et al., 2002; Cox et al., 2016 Fig. 4 ; Hynes and Rivers, 2010) .
This pattern, along with a subsequent fall toward less radiogenic values across the Mesoproterozoic-Neoproterozoic boundary, mirrors the 87 Sr/ 86 Sr trend in the late Neoproterozoic to early Paleozoic Eras when peak values correspond to the assembly of Gondwana during the Pan-African orogeny (Goddéris et al., 2017) . Similarly, the sharp rise in the late Meso proterozoic marine 87 Sr/ 86 Sr curve, as recorded in Bylot Supergroup limestones, resulted from the weathering of new orogenic belts that formed during the amalgamation of Rodinia. Whereas it is postulated that low-latitude weathering of continental flood basalts associated with the fragmentation of Rodinia triggered the Sturtian gibson-B35060.1 2nd pages / 12 of 14 snowball glaciation (Cox et al., 2016) (0.70540-0.70858 ). This suggests that, while the majority of the Borden Basin was exposed to the ocean at this time, shallow-water lagoonal environments within the Iqqittuq and Angmaat Formations were locally restricted (Fig. 3) . As a result, the S isotope composition of these samples may not directly reflect the late Mesoproterozoic ocean.
Highly radiogenic Os i values in lowermost Victor Bay Formation black shale (Gibson et al., 2018) Sr/ 86 Sr data, as well as sedimentological and stratigraphic evidence, indicate that regional tectonic activity modified the geometry of the Borden Basin so that it was exposed to the open ocean throughout the remainder of Victor Bay and Athole Point deposition. These interpretations for changes in basin hydrology correspond to significant lithological transitions throughout the Bylot Supergroup and indicate that the degree of marine influence versus water mass restriction controlled water chemistry and sedimentation patterns in the basin.
Renewed tectonism during late Victor Bay Formation time was previously interpreted to be a result of a novel compressional stress regime acting on the basin (Sherman et al., 2002) ; however, northeast-side-down half-graben rotation of the Milne block can also explain simultaneous uplift and subsidence within the Milne Inlet graben interpreted from facies trends both at this time and during early Victor Bay Formation transgression. Therefore, these deformation events in the Borden Basin do not require compressional forces, as was previously suggested for the middle Bylot Supergroup, but instead they can be explained by continued extension.
Paleoenvironmental interpretations for basin restriction and marine incursion from this study provide a backdrop for future paleoecological correlations with fossil data from the Bylot Super group. This work adds to a growing database of epeiric seaways within Rodinia that may have influenced global biogeochemical cycles and evolution. Coupled hydrogenous and detrital radio iso tope chemostratigraphy may offer crucial insights into periods of marine versus nonmarine conditions in other ancient sedimentary environments with complex hydrologic histories, which may have functioned as key loci of eukaryotic evolution in the middle Proterozoic Eon. 
